ABSTRACT: During the winter months (December to April), the SE United States is influenced by continental air masses from the north or northwest which pass at approximately 4 to 7 d intervals. These wind events can cause suspension of bottom sediments in Florida Bay. Over a 9 d period in March 2001, we examined the effects of a wind-mixing event on the pelagic system within the NW part of Florida Bay, where water depth is 2 to 3 m. This event caused significant suspension of bottom materials, large increases in NH 4 and PO 4 , smaller increases in NO 3 +NO 2 and Si(OH) 4 , a decrease in microzooplankton abundance, and an increase in benthic copepods in the water column. As wind speeds declined, there was a rapid decline in PO 4 concentration, gradual declines in suspended sediment, NH 4 and Si(OH) 4 , an increase in chlorophyll a (chl a) stock, an increase in phytoplankton growth and productivity, an increase in microzooplankton grazing rate, and a settling of the benthic harpacticoid community. No grazing response was apparent in the mesozooplankton community. The wind event clearly injected dissolved and particulate benthic materials into the water column, where they directly stimulated the bacterioplankton, phytoplankton and microzooplankton communities within 1 to 2 d after the event. The water column was strongly net heterotrophic at this time, suggesting a large input of dissolved organic matter from the bottom. Stimulation of the pelagic food web continued at least until we completed our study 6 d after the event. By the end of our study, the water column was net autotrophic.
INTRODUCTION
Energy and material cycling in shallow aquatic systems are partially dependent on exchanges between the benthic and pelagic environments (Marcos & Boero 1998) . In the classical coupling scenario, nutrients, benthic phytoplankton and other dissolved and particulate organic materials produced in situ in the benthos are delivered via diffusion or mixing to the water column, where they are utilized by bacteria and phytoplankton, thereby stimulating the pelagic food web. In turn, some of the organic matter from the pelagic food web sinks to the bottom, where it stimulates the benthic food web. The degree of benthic-pelagic coupling is affected by the depth of the water column and by the frequency and magnitude of storms or other wind events that enhance vertical mixing (Fanning et al. 1982 , Dagg 1988 , Nielson & Kiørboe 1991 , Kiørboe 1993 . Such events have been shown to enhance nutrient availability by desorption from suspended sediment particles (Stumm & Leckie 1971 , Nixon 1981 , Fanning et al. 1982 , Hansen et al. 1997 and by directly mixing nutrient-rich porewater into the water column (Morin & Morse 1999 , Warnken et al. 2000 . Pelagic environments that do not have major sources of external nutrients will have a stronger response to an injec-tion of dissolved or particulate material from the benthos than environments such as eutrophic estuaries, which are affected by nutrient-rich rivers (Kelly et al. 1985) .
In addition to increasing concentrations of pelagic nutrients, events leading to increased concentrations of suspended sediments reduce light availability. Under these circumstances, the response of pelagic phytoplankton to a mixing event may be delayed until sediment particles settle and light conditions improve.
Changes in phytoplankton or bacterioplankton growth and biomass resulting from wind-induced mixing events may have effects on the microzooplankton and mesozooplankton communities. Populations of herbivorous protists are able to rapidly respond to increases in phytoplankton growth because of their short generation times (Franks 2001) . Although larger zooplankton such as copepods cannot numerically respond as quickly, they can functionally respond to increases in phytoplankton stock by a near-instantaneous increase of ingestion rate (Frost 1972 , Dagg 1983 , which could quickly translate to an enhancement of reproductive output (Dagg 1988) . Furthermore, if mixing events occur regularly, the composition of the phytoplankton community may change (Kiørboe 1993) , which may impact the composition of the grazing community (Hansen 1992 , Kiørboe 1993 . The responses of phytoplankton-zooplankton dynamics to such short-term events are not well understood.
One of the challenges associated with understanding benthic-pelagic coupling is obtaining information on the short timescales at which mixing events occur. In this paper, we describe changes in water-column properties (suspended particulate materials, chlorophyll a (chl a), light, dissolved nutrients, microzooplankton and mesozooplankton) and processes (phytoplankton production and growth, respiration, and microzooplankton and mesozooplankton grazing) during a strong mixing event in a subtropical coastal marine environment, Florida Bay, USA. We expected that mixing would inject bottom sediments and dissolved nutrients into the water column and, after sediments had resettled, nutrients would stimulate the phytoplankton and consumer portions of the food web.
MATERIALS AND METHODS
Study site. Florida Bay is a shallow (< 4 m depth) 1500 km 2 subtropical estuary bordered by the Gulf of Mexico to the west, the Everglades to the north, and the Florida Keys (Fig. 1) . The bay has a network of submerged mud banks and small islands which reduce internal water exchange, and the Florida Keys dampen tidal influence from the Atlantic Ocean. Reduced water flow within the bay results in horizontal isolation of water masses and in reduced vertical mixing (Wang et al. 1994) . The bay has been divided into 4 major regions based on physical and biological properties: north central, south central, eastern and western (Phlips et al. 1995) . There is great variability among regions. For example, in one study (Phlips & Badylak 1996) , chl a concentrations averaged nearly 20 µg l -1 in the north central region, but < 2 µg l -1 in the eastern region. Blooms of cyanobacteria are common in the north central region, whereas blooms of diatoms are frequent in the western region, which is open to the Gulf of Mexico. Our study was done at 5 stations in the western region, in waters of approximately 2 to 3 m depth (Fig. 1) .
There is strong seasonality to wind patterns in south Florida. During the winter months (December to April), continental air masses from the north or northwest pass over the region at approximately 4 to 7 d intervals (Wang 1998) . Typically, each event lasts several days and is associated with initial strong north or NW winds which gradually weaken over the next few days. These events are usually preceded by winds with a strong southerly component. The passage of continental air masses often results in episodes of sediment suspension in Florida Bay (Phlips et al. 1995) . During other months, winds are more uniformly from the south or southwest and, apart from storms, are not as strong as during winter.
Methods. Data on wind speed and wind direction were collected by a COMPS (Coastal Ocean Monitoring and Prediction System) monitoring station (Latitude 25°05.061 Fig. 1) . Water depth at this site was about 2.2 m. Water was collected daily from 5 to 13 March 2001 and returned to a shore-based laboratory within 30 min to determine concentrations of suspended particulate material (SPM), dissolved nutrients, and chl a. We used 2 hand-lowered 20 l carboys to collect sufficient water from the surface for all analyses and for the incubation experiments described below. For each SPM measurement, a known volume of water was filtered onto a pre-weighed Whatman 47 mm GF/F filter, rinsed with freshwater and dried at 60ºC. The filter was again weighed and the amount of SPM on the filter was calculated by subtracting the blank filter weight. Samples for nutrient analyses were filtered though 0.2 µm Millex-GS filters and frozen, except for ammonia samples, which were preserved with a drop of chloroform and refrigerated (Zhang et al. 1997a) . Nutrient analyses were made with an Alpkem gas-segmented continuous-flow autoanalyzer (Zhang & Berberian 1997a , Zhang et al. 1997a ,b, 1999 . Chl a concentrations were measured after extraction for several hours in the dark at 4°C in a solution of acetone:DMSO (60:40) using standard fluorometric methods (Shoef & Lium 1976) .
At our primary station, vertical profiles of SPM, chl a and nutrients were determined on 7, 9, and 11 March 2001. Water for vertical profiles was collected from depths of 0.2, 0.5, 1.3, and 2.1 m using a 1 l water sampler (Lamotte) closed with a messenger.
The absorption of light with depth was measured at approximately noon each day with a 4-π photosynthetically active radiation, PAR (400 to 700 nm) quantum light meter (Licor Model LI-188B). Readings were made every 0.25 m from the surface to the depth at which light was no longer detectable with this instrument.
A 5-station ( Fig. 1) spatial survey of the surface concentrations of SPM, chl a and nutrients was conducted on 8 March during a period of high wind and on 13 March during a period of relative calm.
Community respiration and production were measured daily by the oxygen method (Strickland & Parsons 1972 , Friederich et al. 1991 ). An incubator raft of 6 clear acrylic cylinders was used for in situ incubation of oxygen productivity flasks at different light intensities. Teflon-stoppered KiMAX Oxygen flasks were used as incubation vessels. For each experiment, a surfacewater sample was taken with a 20 l plastic bucket; 3 replicate, time-zero subsamples were immediately taken, fixed with MnCl 3 and NaIO 3 , and set aside for later titration; 6 triplicate sets of flasks were placed inside the incubator cylinders at light levels of 100, 50, 29, 15, 3% and zero. The array, with a 2 l polycarbonate bottle at each corner for flotation, was tied to an anchored float at our station site. Bottle incubation depth was 0.2 m. Incubation period was centered around mid-day and ranged from 6 to 8.5 h. The array was recovered at the end of the incubation period, and flask contents were immediately fixed. Later, in the laboratory, oxygen concentration was determined by a modified Winkler method. Gross production (P g ) in each light bottle was determined by:
where O LB is the final oxygen concentration in the light bottle and O DB is the final oxygen concentration in the dark bottle. Net daily production (P n ) was determined by first calculating the total gross production over the daylight period, determined as the number of hours between sunrise and sunset minus 1.5 h, then subtracting the community respiration over 24 h. Community respiration (R) was determined by:
where O IB is the initial oxygen concentration in the bottles.
Zooplankton grazing experiments were conducted daily from 5 to 12 March, except for 8 March. Each experiment included 2 components: a dilution experiment (Landry & Hasset 1982) to measure growth rate of phytoplankton and grazing rate of microzooplankton (organisms < 200 µm), and a mesozooplankton addition experiment (Lehman 1980 , Calbet & Landry 1999 to measure the grazing impact of the mesozooplankton community (organisms > 200 µm) on phytoplankton. Water for grazing experiments was collected from the study site in acid-washed 20 l carboys. Once filled, carboys were placed in black plastic and transported to the laboratory within 30 min. For the dilution component, duplicates of whole natural water and of 0.25, 0.50, and 0.75 natural seawater:filtered seawater mixtures were prepared in 1.2 l polycarbonate bottles. Filtered seawater was obtained by gravity flow through an in-line filter capsule (0.2 µm, acid-soaked and thoroughly rinsed with seawater) into a clean polycarbonate carboy. Whole seawater was introduced into experimental bottles via silicone tubing with a 200 µm Nitex mesh attached at the end to exclude mesozooplankton. Nutrients (final concentrations of 12 µM NO 3 , 1.2 µM PO 4 , and 12 µM Si(OH) 4 ) were added to each bottle to promote uniform growth of phytoplankton. We filled 2 bottles with undiluted natural seawater without added nutrients to determine the effects of nutrient enrichment on phytoplankton growth. A 200 ml sample of whole water was preserved in Lugol's solution for later microscopic analysis of the initial community composition. Microzooplankton were identified by settling duplicate 40 ml aliquots from each sample. Counts were performed at 20× on an Olympus IM inverted microscope.
Mesozooplankton were collected by horizontally towing a 0.75 m diameter 202 µm mesh plankton net fitted with a General Oceanics flowmeter. Collected animals were carefully poured into an insulated container and returned to the laboratory. Only freeswimming and healthy organisms that passed upwards through a submerged 2000 µm mesh sieve were used in the experiments. For each experiment, a range of grazing rates was established by adding aliquots of 3 different concentrations of mesozooplankton to 1.2 l bottles containing natural seawater. Each treatment was duplicated. This method (Lehman 1980 , Calbet & Landry 1999 ) allows the grazing rate of the entire mesozooplankton community to be determined without sorting individual species for incubations. Nutrients were added to the mesozooplankton bottles at the same concentrations as the dilution bottles. Control bottles without mesozooplankton were shared with the dilution experiments. An identical set of mesozooplankton aliquots was taken to determine the biomass, as dry weight, added to each experimental bottle. Dry weight samples were filtered onto pre-weighed Whatman GF/F 47 mm filters, rinsed with freshwater to remove salt, and dried at 60°C. All remaining mesozooplankton were preserved in 5% formalin for later determination of ambient mesozooplankton concentration. After setup, experimental bottles were returned to the study site and incubated in situ for 24 h in a clear Plexiglas raft, maintaining all bottles horizontally at 0.2 m depth.
Changes in chl a concentration were used to calculate grazing and phytoplankton growth rates in each experiment. Chl a concentrations were determined for initial whole water (triplicates) and for each bottle at the end of incubation (duplicates). At the conclusion of the experiment, mesozooplankton from each treatment were retained by filtration through a 100 µm sieve. In the dilution component of each experiment, the rate of phytoplankton growth under nutrient-enriched conditions (µ n ) and the rate of phytoplankton mortality due to microzooplankton grazing were obtained by linear regression of net growth rate against dilution factor. An estimate of phytoplankton growth in water with ambient nutrients (µ 0 ) was calculated by adding the mortality estimate to the net growth rate of phytoplankton in the bottles that contained unamended natural seawater. Mesozooplankton grazing rate was obtained by linear regression of net growth rate of phytoplankton against biomass (mg dry wt l -1 ) of mesozooplankton added to each treatment. The decrease in phytoplankton growth rate per unit of zooplankton biomass (d -1 mg dry wt l -1 ) was multiplied by the ambient zooplankton biomass (mg dry wt l -1
) to obtain the community grazing rate at natural zooplankton concentration (d -1 ). Mesozooplankton samples were counted using a compound microscope to determine natural concentrations of individual species. Aliquots (generally 1/8 or 1/16 of the sample split with a Folsom Plankton Splitter) were analyzed such that approximately 1000 individuals were identified and counted.
RESULTS
During 2001, water temperature at the COMPS monitoring station (Stn 1 in Fig. 1 ) ranged between 14.1°C in January and 32.4°C in August. During our study, water temperature was between 25 and 26°C at this location.
On the days prior to our study (2 to 4 March 2001), wind was from the south at speeds of about 6 to 8 m s -1 (Fig. 2) . On 5 March, as our study began, wind shifted to north or northwesterly, and the maximum speeds observed during our study (about 15 m s -1 ) were on 5 and 6 March. Wind speed declined from 7 to 10 March, then increased slightly near the end of our study on 13 March. Wind remained north and northeasterly from 5 to 10 March, then shifted to more easterly and southerly (Fig. 2b) .
Concentrations of suspended sediments, chl a, and nutrients were homogenous on the 3 dates examined (7, 9, and 11 March), so surface measurements are assumed to be representative of the water column throughout this study, with the possible exception of 5 March (see below). Surface concentration of SPM at our primary station, Stn 5, increased in response to the wind event, from about 100 mg l -1 on 5 and 6 March to > 250 mg l -1 on 7 and 8 March (Fig. 3a ). SPM concentrations then declined to pre-event levels as wind speeds decreased (Fig. 3a) .
At our primary station, light penetration was negatively related to SPM concentration (Fig. 3a) . Coincident with the highest SPM loads on 7 and 8 March, light penetration was minimal (Fig. 3a) , and then generally increased thereafter as SPM concentration declined. Excluding 5 March, the 1% light depth was closely correlated to the concentration of SPM (r 2 = 0.92). March 5 was excluded because it appeared that SPM was not uniformly distributed throughout the water column on that date. Only on this date did the extinction coefficient (K ) increase uniformly with between the deepest light measurements at 1.00 and 1.25 m. Similar analyses on all other dates did not show any patterns of K versus depth. Nutrient concentrations at our study site also responded to the wind event. Concentrations of NH 4 and PO 4 were highest on 7 and 8 March (Fig. 3c,f) , the period of highest SPM concentration, and declined thereafter. PO 4 concentration declined rapidly, returning nearly to pre-event concentrations within 3 d, whereas NH 4 concentration declined slowly and continuously during the remaining 6 d of our study. Concentrations of Si(OH) 4 and NO 3 +NO 2 (Fig. 3d,e) did not show as strong a response to the wind event as NH 4 and PO 4 , although both were highest on 8 March and Si(OH) 4 concentrations tended to decline during the remainder of the study. Concentrations of all 4 nutrients were highest on either 7 or 8 March, the days immediately following the highest wind speed and the days of highest SPM concentration.
The concentration of extracted chl a did not show an immediate increase in response to the wind event, but instead was highest towards the end of the study period, on 13 March (Fig. 3b) .
On 2 occasions, we did a small-scale spatial survey of surface waters (Fig. 4) . Surface samples were taken at all 5 stations (Fig. 1) on 8 March, representing the period of highest SPM and nutrients at our primary station, and on 13 March, representing the period of lowest SPM and nutrient concentrations and highest chl a concentrations: 2 patterns emerged. First, there was a tendency for concentrations of SPM, chl a, NH 4 , NO 3 +NO 2 and Si(OH) 4 to increase in a west-to-east direction, with highest values at our primary station. Second, the temporal pattern observed at our primary station was seen over the entire region covered by the surveys; concentrations of SPM, NH 4 , PO 4 , NO 3 +NO 2 , and Si(OH) 4 were generally lower at all 5 stations on 13 March than on 8 March, and chl a concentrations were higher. This indicates that the temporal patterns observed at our primary station were representative of changes occurring over a wider spatial area.
A comparison of the growth of phytoplankton in the nutrient-enriched treatments of our incubation experiments with rates in the non-enriched controls provided an estimate of the degree of nutrient limitation on growth (Table 1 ). The measurement made on 5 March, prior to the wind event, indicated a 60% enhancement, suggesting limitation at this time. Although there was some apparent enhancement associated with nutrient additions on all days following initiation of the wind event (Table 1) , there was no significant difference between the degree of limitation on 6 and 7 March compared to 9 to 12 March (unpaired t-test, p = 0.27). With the exception of 5 March, nutrient limitation did not appear to be a major factor in determining growth rates. This was also observed in our dilution experiments, where phytoplankton growth rate (µ d
) was high on all days except 7 March (Fig. 5a) . We attribute the lower growth rate on 7 March to significantly lower light availability at the incubation depth (20 cm), as 7
Date (2001) Increase Table 1 . Increase in phytoplankton growth rate, (µ n -µ 0 )/µ 0 (where µ n and µ 0 = growth under nutrient-enriched and ambient conditions, respectively), in whole water observed after addition of nutrients. nd: no data (Fig. 3a) .
The relationships between gross productivity (P g , µmol O 2 h -1 µg -1 chl a) and light intensity (I, µmol m -2 s -1 ) further suggest the lack of nutrient limitation from 6 to 13 March (Fig. 6 ). All P g versus I relationships were similar and can be reasonably fitted with a single curve, suggesting that nutrients were not affecting this relationship during our study. This relationship (Fig. 6 ) also indicates that light at 20 cm on 7 March (76 µmol m -2 s -1 ) would be severely limiting. For each day of our study, the P g versus I relationship (Fig. 6) , the light profile, and the chl a concentration were used to determine the depth-integrated gross productivity (Fig. 7) . Lowest values were observed on 7 and 8 March, and highest values occurred at the end of our study period, on 12 and 13 March. A water-column respiration rate was also calculated for each day by assuming respiration is uniform with depth. Respiration was approximately twice as high on 6 and 7 March as on other days, and greatly exceeded gross production on these days. On 9 and 10 March, gross production and respiration were approximately equal, and on the remaining days gross productivity exceeded respiration. Thus, the water column on 6 and 7 March was strongly net heterotrophic, was slightly net heterotrophic during the mid-portion of our study, and net autotrophic on 12 and 13 March (Fig. 7) . This pattern is consistent with the increase in chl a stock observed on the last day at our primary station (Fig. 3b) .
Microzooplankton grazing rate (g d -1
) derived from the dilution experiments was between 0.25 and 0.30 d -1 on 5 and 6 March, undetectable on 7 March when the wind event was strongest, and then almost tripled from 9 to 12 March, increasing from 0.22 d -1 to 0.63 d -1 during this 4 d period (Fig. 5b) . On all days, g < µ in our incubations (Fig. 5) . Microzooplankton abundance dramatically declined in the days immediately following the wind event on 5 March (Fig. 8) . This decline was mostly the result of a decrease in the number of ciliates, the dominant component of the microzooplankton community at the onset of the event. Ciliate concentration was 8.32 cells ml -1 on 5 March, but only 1.57 cells ml -1 on 7 March. Conversely, thecate dinoflagellates increased in abundance during our study, beginning at 0.08 cells ml -1 on 5 March, increasing to 2.61 cells ml -1 on 12 March, and comprising 66% of the total microzooplankton community on 13 March. The increase in microzooplankton grazing rate (Fig. 5b ) from 9 to 12 March was greater than the increase in abundance of grazers over the same time, indicating additional factors affecting grazer-phytoplankton interactions.
Homogeneity of the water column suggests that it is possible to extrapolate the growth and grazing rates measured at a single depth in dilution experiments to water-column rates of growth and grazing. For grazing, the simplest assumption is uniformity with depth, and the rate measured in each dilution experiment at 20 cm is assumed to be the same at all depths in the 2 m water column. For phytoplankton growth, a reasonable assumption is that it is related to light in a similar fashion to gross productivity (Fig. 6) , and we therefore fitted the growth rates from the dilution experiments to the light level at 20 cm on each day. This equation (y = 1.210 (1 -e -0.0092x ), r 2 = 0.77) allows the growth at any depth (light level) to be calculated. The net growth coefficient (µ -g) was calculated for the water column (Table 2) . Apart from 5 March, the day prior to the wind event, net rates are all close to 0, i.e. between -0.09 and + 0.17. At ) during each incubation experiment these rates, the chl a stock would not be expected to change much over time. This is generally consistent with our observations (Fig. 3b) , except for the observed increase in chl a on the last day of our observations, 13 March.
Grazing by the mesozooplankton community comprised only a small fraction of the total grazing, being generally about 2 orders of magnitude smaller than the microzooplankton grazing (data not shown). There was no apparent response by the mesozooplankton in terms of grazing or in terms of total population size. However, the composition of the mesozooplankton community was affected by the wind event. Prior to the event, the population was dominated by pelagic species, primarily copepodid stages of Acartia tonsa. Immediately after the event, benthic harpacticoid copepods increased greatly, comprising 23% of total numbers on 6 March. This decreased to only 4% on 12 March. As a specific example, the concentration of the benthic harpacticoid copepod Euterpina acutifrons was 85 m -3 on 6 March, then gradually declined to a low of 4 m -3 on 12 March.
DISCUSSION
The strong winds of 5 to 6 March caused significant suspension of bottom materials in Florida Bay. Although there was a lag between the strongest winds on 5 and 6 March and the maximum SPM concentrations and highest light-extinction coefficients on 7 March, there were indications in the light data that suspension of bottom sediments had begun on 5 March. The light profile of 5 March showed an increasing light-extinction coefficient with increasing depth, suggesting an increased SPM concentration with depth. We believe that the time-lag between the strongest winds and the highest SPM concentrations can be attributed to there being some time required for the wind to mix the water sufficiently to suspend bottom sediments throughout the water column. After the highest SPM concentrations were seen on 7 March, suspended sediments gradually settled over the next several days as wind speeds declined. Associated with this suspension event, we observed strong increases in NH 4 and PO 4 , weaker increases in NO 3 +NO 2 and Si(OH) 4 , a decrease in microzooplankton abundance, and an increase in benthic copepods in the water column. These increases were followed by a decrease in SPM to pre-event levels at our study site by 10 March, an even quicker decline in PO 4 concentration, gradual declines in NH 4 and Si(OH) 4 such that minima were attained at the end of our study, an increase in chl a stock in the late part of our study, an increase in phytoplankton productivity, an increase in microzooplankton grazing rate, and a settling of the benthic harpacticoid community. No grazing response was apparent in the mesozooplankton community. The wind event clearly injected dissolved and particulate benthic materials into the water column, where they directly stimulated the bacterioplankton, phytoplankton, and microzooplankton communities within 1 to 2 d after the event. Heterotrophy dominated the water column at this time. The stimulation of the pelagic food web continued until the completion of our study 6 d after the event. By the end of the study, the water column was net autotrophic.
Chl a data from our primary station indicated that there was no immediate response of phytoplankton biomass to the wind event, suggesting that benthic phytoplankton did not contribute significantly to the pelagic environment during this study. Benthic chl a may make a significant contribution to the water column in early-winter mixing events if benthic phytoplankton accumulate over the summer, but this contribution should diminish with subsequent mixing events. The high frequency of resuspension events in the winter in Florida Bay, combined with the high Table 2 . Water-column-integrated, net coefficients of exponential growth (µ -g) for phytoplankton at Stn 5 Fig. 8 . Abundance of major groups of microzooplankton during study period light-extinction coefficients, does not allow sufficient time for re-establishment of benthic phytoplankton biomass. SPM concentration and light extinction at our primary study site began to recover about 5 d before our study ended. However, light extinction did not return to pre-event levels, whereas SPM concentrations did. The reasons for this are unclear. It did not appear that phytoplankton contributed more to light extinction in the latter half of our study than at the onset, because chl a concentrations did not increase until the last day of our study. It is possible that chromophoric dissolved organic matter (CDOM) was injected into the water column during the mixing event. This may have contributed to light extinction after SPM had settled.
Nutrient concentrations within Florida Bay are highly variable both spatially and temporally (Fourqurean et al. 1993 , Phlips et al. 1999 , Tomas et al. 1999 . Fourqurean et al. (1993) concluded that P is generally the limiting macronutrient in Florida Bay. However, the major source of P in the bay is from the Gulf of Mexico to the west. Phlips et al. (1999) suggested that P was most likely to be limiting in the eastern bay, and Tomas et al. (1999) showed that phytoplankton populations in the western bay were consistently Nlimited and P limitation was common in the central and eastern bay. The potential significance of resuspension events to nutrient and phytoplankton dynamics was mentioned in all 3 studies (Fourqurean et al. 1993 , Phlips et al. 1999 , Tomas et al. 1999 but no data were presented. In other shallow, easily mixed environments, wind-induced suspension of sediments has been shown to supply nutrients to the water column (Vidal 1994 , Pederson et al. 1995 , Morin & Morse 1999 .
In our study, the wind event dramatically increased levels of PO 4 in the water column, indicating delivery from the benthos. Pre-event PO 4 concentrations were low and concentrations returned to similar levels within a few days after the event, possibly through phytoplankton uptake. However, concentrations of PO 4 in Florida Bay are generally low, because of adsorption onto the calcium carbonate particles that dominate Florida Bay sediments (de Kanel & Morse 1978 , Short 1987 , Lapointe 1989 , Millero et al. 2001 , and it has been suggested that sequestering of PO 4 by sediments explains P limitation in Florida Bay (Fourqurean et al. 1993) . The enhanced concentration of PO 4 observed during the mixing event may have originated from porewaters and partly from desorption from the suspended sediments. Exchange of PO 4 between water and carbonate sediment is a rapid process in Florida Bay (Millero et al. 2001) . Hansen et al. (1997) have shown that the suspension of sediments can act as a source of PO 4 . Regardless of the source, PO 4 concentrations in the water column increased dramatically in response to the wind event in our study.
NH 4 concentration also increased significantly in response to the wind event and, as with PO 4 , highest concentrations were observed on 7 March. Pre-event concentration was already high however, and post-event decline was more gradual than for PO 4 . Suspension of sediments is known to play an important role in NH 4 flux in other systems (Reddy et al. 1996 , Sloth et al. 1996 , Mortimer et al. 1998 , Morin & Morse 1999 . Disturbance of interstitial waters is probably responsible for the dramatic increase in NH 4 concentrations observed at the onset of the event. The post-event reduction may have been due to phytoplankton uptake (McCarthy 1980) , or it may have been the result of an adsorption reaction with the suspended solids (Rosenfeld 1979) .
NO 3 +NO 2 concentration did not change much during the suspension event, although an approximate doubling was observed 1 d after the maxima in NH 4 and PO 4 . Concentrations remained essentially unchanged throughout the post-event period until the last day of our study, indicating that there was no net use of NO 3 + NO 2 during this time and suggesting that there was no phytoplankton uptake of these N forms until the last day of our study, when NH 4 concentration was low.
Pre-event concentration of Si(OH) 4 was high, but the maximum observed during our study was associated with the mixing event, indicative of a benthic input associated with wind-mixing. With the exception of the last sampling day, concentration declined throughout the post-event period.
N:P ratios between 40 and 140 have been found by other investigators in north-central and NE regions of Florida Bay, while the NW region typically has values closer to the Redfield ratio of 16:1 (Fourqurean et al. 1993 , Lavrentyev et al. 1998 . The N:P ratio in the surface water at our study site was > 31 on all occasions, ranging between 31 and 119, suggesting that P may have been a limiting nutrient during our study. Estimation of nutrient limitation from the ratios of concentrations must be made with caution, however, because of unknown dynamics and turnovers within each nutrient pool. For example, the slope of the decline in Si(OH) 4 from 8 to 13 March is -3.54 µmol d
-1 compared to -1.21 µmol d -1 for the NH 4 decline over the same period. This drawdown ratio of nearly 3:1 for Si(OH) 4 :NH 4 suggests that there was a significant NH 4 regeneration during this time, even though the total concentration was declining. During the 3 d of most rapid PO 4 drawdown (7 to 9 March), the slope of the PO 4 decrease was -0.097 µmol d -1
, yielding an N:P drawdown ratio of 12:1, further suggesting a significant NH 4 regeneration during this time. Confounding these types of calculations is the high probability of a significant non-biological alteration of PO 4 concentration. Direct evidence from our dilution experiments suggested that phytoplankton growth was nutrient-limited immediately prior to the wind event (5 March), but from 6 March until the end of our study on 13 March the degree of nutrient limitation was small or negligible. Nutrients were clearly being drawn down over this post-wind-event period, especially NH 4 , PO 4 and Si(OH) 4 , but the degree of limitation, if any, did not appear to change significantly during this time. Wind events such as we observed significantly alter the concentrations and ratios of dissolved nutrients on short timescales, and in our study the wind event appeared to reduce nutrient limitation for the duration of our study period.
After the mixing event was initiated on 6 March, light availability was the dominant factor affecting phytoplankton growth and production. Our data show how severely light extinction increased during the mixing event. Light has been suggested as a potential limitation to phytoplankton production in Florida Bay (Phlips et al. 1995) . In that study, mixed-layer irradiance frequently fell within or near the threshold used to describe the onset of light limitation. Moreover, Phlips et al. (1995) found that values of mixed-layer irradiance were typically lower in the windy season (from late fall to early spring) than during the summer. Philps et al. (1999) conducted a survey across Florida Bay and found that the ratio of chl a concentration to phytoplankton biovolume (µg chl a mm -3 cellular biovolume), an indicator of light adaptation of phytoplankton, is highest in the western region of Florida Bay, suggesting adaptation to low-light conditions. Kelble (2003) also found that light limitation was strongest in the western part of Florida Bay. Throughout our study, there was a single relationship between productivity per mg chl a and light intensity. The wide range in light extinction observed during our study meant that daily productivity ranged accordingly. For example, the depth of the 1% light level varied from about 0.4 m on 7 and 8 March during the highest concentration of SPM to nearly 1.5 m at the end of our study on 12 and 13 March. Gross productivity was 0.226 mmol O 2 m -2 h -1 mg -1 chl a on 8 March and almost 5 times higher (1.018 mmol O 2 m -2 h -1 mg -1 chl a) on 12 March, a difference entirely attributable to the improved light environment. As the suspended sediment settled, the decrease in light extinction allowed more of the water-column chl a (which was homogenously distributed) to receive light, increasing the integrated production.
With the exception of 7 March, the instantaneous growth rate of phytoplankton (µ) measured in the dilution experiments was consistently high because incubation bottles were deployed just below the surface and received adequate light for high growth. Based on these few data points, we derived a relationship between µ and light intensity in order to estimate a water-column net growth rate for the phytoplankton community. These rates were low or slightly negative from the time the suspension event began on 6 March until our study ended, consistent with the lack of observed changes in chl a concentration, except for the last day, when observed chl a concentration increased. It should be noted that interpretation of results from bottle incubations during periods of high SPM concentration requires caution. SPM settled in our bottles in spite of high levels of incubator motion associated with wave action. This changed the light environment within the bottles and had unknown effects on the growth and grazing rates within the bottles during incubation.
Microzooplankton abundance decreased significantly from 5 to 7 March, when numbers were the lowest of our study. This is consistent with the decrease in microzooplankton grazing from 5 to 7 March and with the lowest observed microzooplankton grazing rate observed on 7 March, when SPM concentration was highest. The process by which the wind event led to a decrease in microzooplankton abundance (and grazing) is unclear, but the abundance decline was primarily due to ciliates, so the grazing reduction probably operated via this group of organisms. Ciliate populations did not recover during our study. Ciliates were also adversely affected by resuspension events studied in small microcosms in the southern Baltic Sea (Garstecki et al. 2002) . After 7 March, microzooplankton grazing increased each day from 9 to 12 March. Associated with this there was a general increase in microzooplankton abundance, mostly thecate dinoflagellates.
Water-column respiration was approximately twice as high during the initial days of the suspension event as on all subsequent days. The water column was strongly net-heterotrophic at that time. The suspension event may have injected dissolved organic matter from pore waters into the water column, which stimulated bacterial activity for a few days. By the end of the study, autotrophy dominated water-column metabolism. This was the only time we observed a significant increase in chl a concentration.
Mesozooplankton grazing did not have a significant impact on phytoplankton populations at any time during our study. This is consistent with earlier work in Florida Bay (R. Brenner unpubl.) showing the dominance of microzooplankton grazing as a source of phytoplankton mortality. A numerical response in the mesozooplankton may occur over a longer time period if fluctuating food resources (phytoplankton and microzooplankton) affect reproduction and recruitment in mesozooplankton populations. Kleppel et al. (1998) found that copepods in Florida Bay may acquire as much as 70% of their dietary carbon from microzooplankton. There was a change in community composition of the mesozooplankton due to the resuspension of benthic copepods on 7 March. These gradually declined throughout the study and had returned to preevent concentrations by 11 and 12 March.
Although we have documented the significance of a single mixing event, the importance of such events to the annual productivity and trophic processes of Florida Bay is unclear. Wind events occur every 4 to 7 d during the winter season, so processes similar to those observed in this study will occur many times during an annual cycle. However, each event is unlikely to elicit the same response in the pelagic environment because of other factors. For example, the magnitude of the wind event will affect the amount and duration of particulate resuspension, and the effects of the light environment will vary accordingly. The timing of events is also important, because there has to be a period of several days of quiescence after each event for the system to utilize the stimulus provided by the event. If the period is too short, the post-event processes we describe here will be truncated, whereas if the period is too long, the system may decline to nutrient-limited conditions. In addition, each suspension event may diminish the potential inputs for the following event. Thus, although there are wind events passing through the area at frequent intervals throughout the winter each year, it is difficult to generalize and therefore difficult to extrapolate from one event to an annual impact on the system. It is clear, however, that wind events stimulate the multiple re-use and recycling of materials that enter the bay from external sources, and that responses to these events are rapid.
